Airborne transmission of Pneumocystis carinii has been established, but the infective form and the sources of infection remain unknown. Animal models for studies of P. carinii have previously been limited to immunosuppressed rodents; however, this study was performed with nonimmunodepressed P. carinii-free rabbits. This study was aimed at determining (i) the delay between inoculation of animals (day zero [D0]) and the onset of contagiousness and (ii) the end of contagiousness of these animals (donors). Five-week-old rabbits were used as contact animals and were housed with the donors. The cohabitation periods were for 4 or 5 days from D0 to D4, D4 to D8, D8 to D13, D13 to D18, and D18 to D22. The highest parasite burdens were observed in contact animals housed with donors from D8 to D13 or D13 to D18. This period (8th to 18th day following the day of inoculation of donors) might correspond to the highest phase of contagiousness of donors.
Pneumocystis carinii is an opportunistic and widespread fungus found in the lungs of humans and other mammals. It can be the cause of severe pneumonia, especially in humans suffering from AIDS (3, 7, 10) . Rabbits without immunodepression develop pneumocystosis naturally at 28 days of age (4, 14) . Rabbits used as an experimental model of pneumocystosis present other advantages: antigenic and genomic data suggest that rabbit-derived P. carinii strains are more related to human Pneumocystis strains than are those of rodents (8, 9, 11, 13) and, therefore, P. carinii-free rabbits are a good animal model for investigating the biological development of P. carinii. The epidemiology of P. carinii pneumonia is poorly understood. Airborne transmission has been established (3, 10, 18) , but the infective form and sources of infection remain unknown. Nosocomial transmission of P. carinii to human immunodeficiency virus-uninfected immunocompromised patients has been suggested (3, 16, 18) . Nevertheless, no data are available to determine quantitatively and qualitatively the contagiousness of an animal after a primary infection. The aim of the present study was to determine when infected rabbits became contagious, and it was established that P. carinii-free animals were rapidly contaminated by P. carinii after contact with infected rabbits.
Fifteen litters (55 weanlings) from a Pneumocystis-free New Zealand White rabbit colony (4) were used at 30 to 37 days of age. Before the experiment the Pneumocystis-free status of animals was assessed by PCR assay of DNA from lung tissue (amplification of the large mitochondrial subunit rRNA gene with primer pair pAZ 102-E and pAZ 102-H was performed as described by Wakefield et al. [17] ) and by microscopy examination. Parasite extraction was performed under sterile conditions. Lungs were cut into small pieces, added to Dulbecco modified Eagle's medium, and homogenized with crushing (Waring Blendor; Polylabo) for 3 s. The homogenate was poured through gauze and centrifuged (2,900 ϫ g, 10 min, 4°C). After centrifugation the pellet was resuspended in a buffered hemolytic solution (150 mM NH 4 Cl, 1 mM NaHCO 3 ), incubated for 10 min (4°C), and centrifuged. Parasite extracts were filtered through sterile stainless steel filters (pore sizes, 250 and 30 m) and through Nuclepore (Pleasanton, Calif.) filters (pore sizes, 10 and 8 m). The filtrate was centrifuged and then resuspended in Dulbecco modified Eagle's medium. Cystic forms were counted in 2.5 l of air-dried smears stained with toluidine blue O (5). The total number of cysts per animal lung was estimated by quantification of the number of cysts in 10 to 20 microscope fields (magnification, ϫ57) (adapted from Aliouat et al. [1] ). The significance level of quantification with our method is 10 4 cysts for both lungs. Three young Pneumocystis-free rabbits (donors) were infected at 30 days of age with 5 ϫ 10 5 P. carinii cysts by the intratracheal route (day zero [D0]) and were placed in an air-filtered (0.3-m-pore-size filter) room (inoculation room) (6) . Forty-five Pneumocystis-free rabbits at 30 to 37 days of age (contact animals) were used as recipients. They were placed in the donor cages (three per cage in addition to the donor) for 4 or 5 days. Five contact periods were studied, D0 to D4, D4 to D8, D8 to D13, D13 to D18, and D18 to D22, and nine contact rabbits were included in each period. At the end of each period of cohabitation the nine contact animals were placed (three rabbits per cage) in another room (isolation room). The parasite burdens of the nine contact animals were evaluated at 15, 20, and 25 days after the first day of contact with donors. Seven Pneumocystis-free rabbits at 30 days of age (distant controls) were used to check possible contamination coming from the environment (air and cages, etc.) in the inoculation room (n ϭ 4) and in the isolation room (n ϭ 3). These distant controls were placed in individual cages at least 1 m from cages containing inoculated rabbits or from other occupied cages. The parasite burdens were evaluated 22 days after D0 for the distant controls (n ϭ 7) and donors (n ϭ 3).
Microscopy examination revealed that the controls in the inoculation room were contaminated (Table 1) although the numbers of cystic forms were too low to be counted. Therefore, environmental transmission took place during this period at least in the inoculation room. A similar observation was de-scribed by Hughes (10) who studied direct contact and air transmission of rat-derived Pneumocystis sp. in rats. Nevertheless, the distant contamination was not sufficient to explain the parasite burdens of the contact animals except for the D4 to D8 group. Moreover, P. carinii was not identified by microscopy examination in the controls situated in the isolation room.
The parasite levels in the three donors were 6.18, 6.37, and 6.02 (log 10 ) cystic forms after 22 days (Table 1) .
Statistical analyses with SAS software using general linear model procedures and Scheffe's test show that the parasite level during all the periods except D8 to D13 and D13 to D18 was significantly different (P Ͻ 0.05). Contact animals exposed to P. carinii-infected rabbits (donors) became infected with P. carinii. In this experiment the infection peaked in contact animals between the 8th and 18th days. This result suggested that this period corresponded to the highest phase of contagiousness of the donors. Further research will be necessary to determine whether the period of contagiousness also corresponds to the highest parasite burden in donors. Indeed, in preliminary results (4), P. carinii-free rabbits were experimentally infected at 35 days of age by the intratracheal route with a 0.5-ml inoculum containing approximately 5 ϫ 10 6 cystic forms and the infection peaked on the 20th day. Nevertheless, in the present study, the infection peak occurred on the 15th day. However, the methods used have changed as the quantity of inoculum was smaller (0.1 ml) and contained less parasites (5 ϫ 10 5 cystic forms) and parasites were prepared from rabbits of a different breed (it was therefore another isolate of P. carinii). Further research will be necessary to study the interaction between the extraction and inoculation procedures and the course of the infection. Aliouat et al. (2) suggested that the extraction procedures could diminish the infectivity of parasites.
The contamination of the first group (D0 to D4) could be explained by a primary infection with part of the inoculum given to the donors which spattered during recovery after intratracheal inoculation. The low level of contamination of this group on the 15th day decreased dramatically by the 25th day when the numbers of cysts were no longer countable.
The infection level of contact group D4 to D8 was very moderate (under the limit of quantification) compared to those of the next contact groups (D8 to D13 and D13 to D18). These results suggest that donors were not yet or much less contagious before the 7th day.
The decrease in the number of cysts in the last contact group, D18 to D22, compared with the decreases for the two groups D8 to D13 and D13 to D18 suggests that the highest period of contagiousness was already finished by the 18th day.
The infection levels of donors on the 22nd day were in agreement with those of the contact animals on the 25th day. The individual results (Table 1) within the groups were relatively homogeneous. This observation suggests that the level of the initial contamination within the same group was not random. Moreover, the different parasite burdens observed in the different contact groups suggest that the level of contamination depends on the period of contact with the donor.
The results of this study of natural infection after short-term cohabitation with infected rabbits are in agreement with those of the work of Powles et al. (12) with mouse models. These authors used naturally infected immunodepressed mice which were an adequate source of P. carinii to infect Pneumocystisfree SCID mice through 1 to 2 weeks of perpetual cohabitation. In another study, even a short period of exposure, 1 day to one infected mouse (with a corticosteroid-induced P. carinii pneumonia), was sufficient for the transmission of P. carinii to a P. carinii-free mouse (15). Hughes (10), Soulez et al. (15) , and Powles et al. (12) all determined that the parasite burden correlates with the duration of cohabitation with donors.
The findings of this study, in which we used donor and contact rabbits which were not chemically immunodepressed and evaluated the time between the first day of contamination of donors and the production of infectious forms (D8 in this experiment), provide additional data on transmission of P. carinii. Further experiments are necessary to specify the source of low contamination in the D0 to D4 group. This work reveals for the first time to our knowledge that animals become contagious as early as the second week following primary infection. Transmission appeared to be most efficient by contact. A shorter period of cohabitation (1 day) must be tested to determine more accurately the prepatent period for a donor to become contagious. Infectious forms of P. carinii might also be isolated from air sampled around donor cages during the suspected period of contagiousness; these airborne P. carinii isolates might then be inoculated to P. carinii-free rabbits.
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